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Description 

BACKGROUND OF THE INVENTION 

5 This invention concerns the stripping of metal coatings from metal substrates such as copper, zinc, 
and their alloys. More particularly, it concerns the stripping of metal coatings (i.e., nickel, chromium, tin, 
lead, tin/lead alloy, cobalt, cadmium, or aluminum) in an electrolytic process employing an aqueous al- 
kanesulfonic acid solution of 1 to 4 carbons as the electrolyte at a concentration of about 45 to about 70 
weight percent 

10 Removal of metal coatings from metal substrates such as copper, zinc, and their alloys, is a common 
operation in metal finishing, either as a regular process step or as a remedial operation. For example, in 
printed circuit board manufacture, removal of solder resist is required as a standard procedure before 
precious metal is plated. In the manufacture of plumbing fixtures, defective electroplated nickel and 
chromium coatings need to be stripped and replated. In both cases, it is desired that the stripping proc- 

15 ess remove only the coating and leave the substrate intact and easily prepared for the next process 
step. The removal can be accomplished either by chemical immersion, usually in strong acid solutions, or 
by electrolytic stripping. 

In chemical immersion, the workpiece is immersed in a solution formulated to remove the coating and 
leave the base metal coating free of corrosion until such time as the metal coating is completely removed. 

20 In electrolytic stripping, which is much faster, the work piece serves as the anode in an electrolytic bath 
through which a dc voltage is applied to remove the metal coating. Since the metal coatings are usually 
not uniform In thickness throughout the surface of the workpiece, it requires different lengths of time to 
remove the coating from different areas of the surface. Some portions of the substrate will be exposed 
to the electrolytic environment earlier than other portions and the earlier exposed surface would tend to 

25 be corroded unless the base metal is inert to the stripping solution. In order to prevent such unwanted 
corrosion, it is customary to add inhibitors. The function of the inhibitor is to prevent dissolution of the 
base metal in the electrolyte. The addition of inhibitor increases the complexity of the stripping process 
and may result in complicated procedures for maintaining the -proper bath composition. Because of the 
toxic nature of many inhibitors, waste disposal often becomes a problem. Examples of commonly-used in- 

30 hibitors that are toxic, are thioureas and chromic acid. Usually the formulations employed are very spe- 
cific and will serve to strip only certain types of metal coatings from specific substrates. If an improper 
formulation is used, either no stripping will occur, or the substrate will be damaged by corrosion. A gen- 
eral method to strip several different metals from diversified substrates is therefore highly desirable. 
Stripping metal coatings such as nickel, chromium, tin, lead, and tin/lead alloys from industrially-impor- 

35 tam, but easily-corroded, base-metal substrates such as copper, zinc, and their alloys, to provide a 
clean substrate surface, has been difficult to accomplish. Generally, additives are incorporated into the 
formulation to coat and protect the substrate surface. These additives must then be removed to provide 
the clean, non-corroded substrate surface required for further processing or refinishing. This requires 
adding an additional processing step and adds to cost. 

40 

STATEMENT OF THE INVENTION 

This invention is a process for selective electrolytic stripping of metal coatings selected from nickel, 
chromium, tin, lead, tin/lead alioy, cobalt, cadmium, aluminium or mixtures thereof from a base-metal sub- 

45 strate selected from copper and its alloys and zinc and its alloys consisting essentially of immersing said 
coated base-metal substrate into an aqueous electrolyte solution of from about 45 to about 70 weight 
percent of an alkanesulfonic acid of 1 to 4 carbons wherein said coated metal-base substrate is the an- 
ode and an electroconductive material is the cathode, impressing a direct current voltage across said 
electrolyte solution between the electrodes until the current decreases to zero which occurs when the 

50 metal coating on the anode is completely stripped off leaving the base-metal substrate exposed. 

DETAILED DESCRIPTION OF INVENTION 

This invention is a hydrometaliurgical process for removing metal coatings from metal coated base- 
55 metal substrates such as printed circuit boards or plumbing fixtures. The process employs an aqueous 
solution of an alkanesulfonic add having carbon chain lengths of 1 to 4 as the electrolyte. Such sulfonic 
acid includes, for example, methanesulfonic acid, ethanesutfonic acid, propanesulfonic acid, isopro- 
panesulfonic acid, butanesulfonic acid, and isobutanesutfonic acid. The preferred sulfonic acid is meth- 
anesulfonic acid (MSA) because of its availability, low molecular weight, high innate solubility in water 
60 and high water solubility of its metal salts. The alkanesulfonic add is employed at a concentration of from 
about 45% up to about 70% based on the weight of the electrolyte solution. Preferably, the alkanesulfon- 
ic add is used in the electrolyte solution at a concentration of from about 50 to about 65%. It has been 
unexpectedly found that active metals such as copper or zinc when used as the anode in an lectrolyte 
bath containing the alkanesulfonic add in the above noted ranges are relatively inert to the acid. In oth- 
65 er words, when the coatings have been completely removed from these metals, the alkanesulfonic acid 
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solution does not appreciably dissolve (or corrode) these metals; th current dwindles to zero quickly. 
Upon further examination, a thin fayer of insulating film is found n the surface of these bare metals. 
When the bare base-substrate piece is rinsed with water to remove th insulating film, and again subject- 
ed to similar electrolytical reaction, the current again diminishes to zero in a matter of a split second. 

5 The electromotive force impressed on the electrolytic system is a direct current (dc) voltage ranging 
from about 1 to about 20 volts resulting in foe metal coating on the anode being dissolved into the electro- 
lyte solution. The dissolved metal may (but not necessarily) plate out on the cathode. The optimum voltage 
for maximum current efficiency in this process ranges from about 1 to about 20 volts with the use of 
aqueous methanesulfonic acid as the electrolyte. 

10 The anode for the process of this invention is a base-metal substrate of copper and its alloys and zinc 
and its alloys coated with a metal such as chromium, nickel, tin, lead, tin/lead alloy, cobalt, cadmium, or 
aluminum. Since many electroplated industrial products are based on copper, zinc, or brass based met- 
als, or other metals or plastic coated with copper, this invention is especially useful for stripping applica- 
tions, either for normal manufacturing procedures or as a remedial operation. 

15 The industries that can benefit from this invention are the manufacture of printed circuit boards, 
plumbing fixtures, and electroplated plastics, especially automotive parts. For printed circuit boards, 
this invention provides an ideal method for stripping solder from the printed circuitry. The stripping is 
quick and efficient and the unwanted solder can be stripped within 2 minutes. The stripped metal, deposit- 
ed on the cathode, is recoverable. In plumbing-fixture manufacture, it is sometimes necessary to remove 

20 the chromium and/or nickel coatings so the parts can be reprocessed and refinished. The process of 
this invention can remove the coatings quickly and effectively without damaging the brass or zinc die 
castings. Electroplated automotive parts are usually copper undercoated. The defective parts a*e usu- 
ally discarded because of a lack of suitable methods to remove the coating without damaging the plastic 
base. With the application of this invention, however, the chromium and nickel plating can be stripped 

25 and the copper underrating left intact. This not only saves the valuable plastic parts, it also saves the 
copper underrating, which requires a cumbersome process to apply. 

The cathode of this invention may be any electroconductive material in any desired shape which is 
substantially insoluble in the electrolyte under the conditions of the process. Typical cathode materials 
are stainless steel and graphite, preferably fabricated in a flat shape. 

30 The temperature at which this process is operated is not critical. Preferably, it is carried out at ambi- 
ent temperature although, due to a moderate exotherm during operation, the temperature may rise. The 
temperatures generally may range from ambient to about 100°C f normally 40-50°C, and external cooling 
is typically not required. 

The electrolytic cell of this invention includes a tank or vessel of a suitable size and shape in which 
35 the electrolytic process may be operated in the desired fashion. The material from which the tank is fabri- 
cated may be nonelectricaily conductive or electrically conductive, if properly insulated, as is well 
known in this art 

EXAMPLE 1 

40 

A copper coupon measuring 7.63 cm x 1 .22 cm x 0.32 cm plated with solder of about 50/50 tin-lead was 
anodicaily etectrolyzed at 7.6 volts in a 50% methanesulfonic acid (MSA) solution using a stainless steel 
coupon as cathode. The initial current was 10 amps, which went down as time progressed. When the cur- 
rent went to zero, the copper surface had no solder left on it The coper coupon was rinsed with water to 
45 give a fresh-looking copper surface. 

EXAMPLE II 

Stripping of chromium and nickel from a typical plumbing fixture is illustrated. A piece of zinc die-cast 
50 faucet housing with copper underplate was used as anode and electrolyzed in a 65% MSA bath using a 
stainless steel plate as cathode. The voltage used was 7.6 volts. After about 25 minutes, the piece was 
free of nickel plating. When rinsed with water, red copper appeared on the entire housing surface. 

EXPERIMENT A 

55 

This experiment illustrates the rate of corrosion of copper in methanesulfonic acid at various concen- 
trations. 

Copper coupons of known weight and measuring 7.65 cm x 2.54 cm x 0.08 cm were electrolyzed in 
methanesulfonic acid solutions of 20, 40, 50, 60 and 70% by weight. The copper anodes were immersed 
60 about 4.6 cm into the MSA solutions and a stainless steel coupon measuring 7.65 cm x 2.54 cm x 0.08 cm 
with 4.6 cm immersion was used as the cath de. After electrolysis, th-? samp! s were rinsed in water, 
dried and weighed. The results are shown in Table 1. 
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Table 1 


MSA Solution 


Copper Coupon Wt (g) 


Time (min) 


%Loss 


(wt %) 


Initial 


After Electrolysis 






20 


25.2590 


24.7845 


2 


1.88% 


40 


25.8113 


23.0850 


60 


10.56% 


50 


26.1550 


26.1257 


60 


0.11% 


60 


26.7705 


26.7649 


60 


0.021% 


70 


25.0585 


25.0560 


60 


0.01% 



This illustrates that the rate of corrosion is a function of the MSA concentration. 

15 

Claims 

1. A process for the selective electrolytic stripping of metal coatings selected from nickel, chromium! 
tin, lead, tin/lead alloy, cobalt, cadmium, aluminum, or mixtures thereof from a base-metal substrate se- 

20 lected from copper and its alloys and zinc and its alloys consisting essentially of immersing said coated 
base-metal substrate into an aqueous electrolyte solution of from about 45 to about 70 weight percent of 
an alkanesulfonic acid of 1 to 4 carbons wherein said coated metal-base substrate is the anode and an 
electroconductive material is the cathode, impressing a direct current voltage across said electroltye 
solution between the electrodes until the current decreases to about zero which occurs when the metal 

25 coating on the anode is completely stripped off leaving the base-metal substrate exposed. 

2. The process of Claim 1 wherein the alkanesulfonic acid is methanesulfonic acid. 

3. The process of Ctaim 2 wherein the concentration of methanesulfonic acid is from about 50 to about 
65%. 

4. The process of Claim 3 wherein said direct current voltage is in the range of from about 1 to about 
30 20. 

5. The process of Claim 4 wherein said anode is coated with nickel or chromium. 

6. The process of Claim 4 wherein said anode is coated with tin, lead, or tin/lead alloys. 

Patentansprfiche 

35 

1. Verfahren zum selektiven elektrolytischen Ablosen von metallischen Beschichtungen, ausgewahlt 
aus Nickel, Chrom, Zinn, Blei, Zinn/Blei-Legierung, Kobait, Cadmium, Aluminium oder Gemischen daraus 
von einem metallischen Basissubstrat, ausgewahlt aus Kupfer und seinen Legierungen und Zink und sei- 
nen Legierungen, dadurch gekennzeichnet, daQ man im wesentlichen das beschichtete metallische Basis- 

40 substrat in eine waBrige Bektrolytldsung aus etwa 45 bis etwa 70 Gew.-% einer Alkansulfonsaure mit 1 
bis 4 Kohlenstoffatomen, worin das beschichtete metallische Basissubstrat die Anode und ein stromlei- 
tendes Material die Kathode ist, eintaucht, und daB man eine Gleichstromspannung an die Bektrolytld- 
sung zwischen die Elektroden anlegt, bis die Stromstarke auf etwa Null abfalK, was eintritt, wenn die me- 
tallische Beschichtung der Anode unter Freilegung des metallischen Basissubstrats vdllig abgeldst ist 

45 2 .Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die Alkansulfonsaure Methansuffon- 
siure ist 

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB die Konzentration der Methansulfon- 
saure im Bereich von etwa 50 bis etwa 65% tiegt 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die Gleichstromspannung im Bereich 
50 von etwa 1 bis etwa 20 liegt 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die Anode mit Nickel oder Chrom be- 
schichtet ist 

6. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB die Anode mit Zinn, Blei oder Znn/Blei- 
Legierungen beschichtet ist 

55 

Revendications 

1. Proceed pour ('enlevement eiectroiytique s§lectif de revetements mStalfiques chcisis entre le nickel, 
le chrome, I'etain, le plomb, un alliage §tain/plomb, le cobalt le cadmium, I'aluminium ou leurs melanges d'un 
60 substrat m&allique de support choisi entre le cuivre et ses alliages et le zinc et ses alliages, qui consists 
essentieliement a immerger ledit substrat meiailique de support revetu dans une solution aqu us elec- 
trolyte contenant environ 45 a environ 70 pour cent en poids d'un acide alcane-sulfonique ayant 1 a 4 
atom s de carbone, I substrat metallique de support rev*tu constituant ('anode et une matiere 6lectro- 
conductrice constituant la cathode, k appliquer une tension de courant continu a ladite solution d'6lectro- 
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lyte entre I s 6lectr des jusqu'a ce qu PintensitS decroiss jusqu'a zero environ, ce qui a II u lorsque le 
revetement m&allique porte par Panode est totalement enleve" en laissant a nu le substrat mdtallique de 
support 

2. Proc6d6 suivant la revendication 1, dans lequel I'acide alcane-sulfonique est I'acide m&hanesulfo- 
nique. 

3. Proc6d6 suivant la revendication 2, dans lequel la concentration de I'acide m&hane-sulfbnique va 
d'environ 50 k environ 65%. 

4. Precede suivant la revendication 3, dans lequel la tension de courant continu se situe dans la plage 
d'environ 1 a anviron 20. 

5. Procdde* suivant ia revendication 4, dans lequel Panode est revetue de nickel ou de chrome. 

6. ProcedS suivant la revendication 4, dans lequel Panode est revetue d'&ain, de plomb ou d'alliages 
detain et de plomb. 
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